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(57) Abstract: A method for manufacturing a semiconductor device comprises a step of grow- 
ing a nitride semiconductor layer on a substrate of a different type, a step of, thereafter, joining 
a support substrate to the nitride semiconductor layer, and a step of, thereafter, removing the 
substrate of the different type. In the joining step, a conductive layer is fornied of an alloy 
eutectic. In the different-type substrate removing step, the removal is effected by laser beam 
application, polishing, and chemical polishing. The method further comprises a step of sepa- 
rating the nitride semiconductor layer into chips by etching the exposed surface of the nitride 
semiconductor layer after the different-type substrate removing step. The method further com- 
prises a step of forming projections and recesses in the exposed surface of the nitride semicon- 
ductor layer after the different-type substrate removing step. 
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10 Unlit. m^W:(Dm:^m^7tm^\Z^^:^nX\^^f3i\i^i!)\ ^^-^tlX^^Xh^^ 

'^^mtit-<x{}>mvi}^mwhx\f^m^o ^n«, m^xm\z:i^^^x. unHim 
mytmzu. m^m0i(.7tm^\z. ^l<u. mi^m^TLmtfhiiz. Mg, s 

r. Ca, Ba, Zn, B. AK Cu, Mn, C^^ ORZf^N i f)^ 6 t^^^^k 
rJtti^'N i m^^WA.^^t'fyn-^^tl^^oi^m^mbXi^^^. 

i^Lxm^6m^mm(Dyt^m^t^o mti^Jk^yti^^YAGj^m^wtmz 
20 ±B<omj$.^m-r^m^mmz^mhx. Bytmir\zj^y)^yt^nrznBytt. 
mm^ik^mzk^n^'fyMbn^ytttm^\z2:y)m^^(D^^\z^y{:t^^ 
ytmmf)mihn^o ^immmytW(Dmziu^^ik^mz\t. ±^j^Axn^-^ 
ntciyh^j^A • 7A^-^Amihm^mnfi^^^^tix\^^^;itm^L 
mm^yhv^j^'7)v^-^mmik^mm^^^'r^iit\zkr)^ m 

MLxn^mmoyt^myt-r^o ^ict. mytm^^z^Kt^yt^ntcn^yt 
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^mytr^mtfti^t^. ^^m^\z~mzm^L. m^m^fiz^myf^nrc 
^^tfj^-v^^o mzB^L^^mt. ^m7t)^^mmiz^n^^iif-tk^(Dt^m±\z 

(D^o^^iz^ytt^^ytmmu. -sm^tc p = 4 e o 0K#3a{ccfe(.iT#^ 

m^R9^mtb^:it fim^mm tu^xi^^tcH)^. :^mm\z^^^ x^^^%<d^ 
itw^^v hu^A • 7)v%:=-^hMim%.%mmtmzm^^^z.t\z^y). 
M^T c p = 4 6 0 0 K^mz^i/^x^m^^mm^R 9^40 ^i^^^xm^^ 

Cti!)^X^^o 

mz. ^mmizm^nyti^ ( (srxca,-x) zsisNsieu) <DmM:^m^ 

-So S^clii^Sr, Ca^Ctt. B. A K Cu. Mg^ Mn, A 1 sOa^^f^-^ 

:^\^xn^^nto mmz^m^nrcs T . caja> o . i^m 

f)''>^l 5 fjLmX$>^Z.t-fym^iy^^f)^. C(Dmm\zm^-^nfS.^^o Sr, CaO 

M^^i, 2N&.±x$>^cttim^b\f^i!iK cn\zm^^nf3ii^\ ^y)m'^'^m 
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s izNa. s i (NH2) 2> Mg2s if3i^X'$>^o mno)s i(Dmmt. 3 

N£Jl±®fe®5&W^bVidt, AI2O3. Mg. ^m^^itl^ (C03B> Ni3 
B, CrB) . m^t'^>:^>^ H3BO3, B203> CU2O, CuOJ^^O^b'&i^ 

•fy^^m-^nx\^^xh^^\ Sit), 0M<DSr. catmm\z. 7)vdynmn. 

3 S r + N2 S r 3N2 • • • {^1) 
3Ca + N2 ^ Ca3N2 • • • (^^2) 

sr, ca^. mmnmn'¥. 6oo~9oo'c, i5j5^rBi> mt-r^c s 

3 S i + 2N2 S i 3N4 • : • (^3) 

^^ms i t), ^mnmm^. s o o-i 2 o ox:, msmm. mtr^c c 

(DSr, Cam\^<\tSr-Ca<Dmtm^^nT^o S r, Ca, Sr-C 

nxwm-^'fs^. 
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±fBlI^4'lCfi, Mg. Sr. Ca, Ba, Zn^ Al> Cu. Mn, C 
10 *fe> Mg. Zn> B#0±l37cm*iJilT©ii'&Xigf3:feViT, SB-a-ft^ 

i:t)T^§50^% it^mommxm-iB^M. iioso^b^titc^, H3B0 

3, CU203^ MgC 1 2. MgO • C aO, A 1 208. ^M't^'^-fbtl (C r B, 
MgsBa, AIB2, MnB) , B2O3, CU2O. CuOtii^i)^$>^o 

15 <B±Bm^^n^rcWi> St. Ca, Sr-Ca0g<btJ, S i ©^{b#I> E 

®M^ic:, Sr, Ca, Sr-Ca©^«, Si (D^itm. EuOib^tlE 
nfc (SrxCai-x) 2S i sNs : EuT^$n§m^#:^#^C:.i:3^>«Tt^o tz 

mmt. m^^. ^mm. mm^^. :^^jvpua^mm'r^:itti^i!^^o 
25 mi^umt. 1 2 0 oi)^i^i 7 0 o'x:(D^mx^^'^n^ctf)^x^^f)^. 14 
0 Oy&^e> 1 7 0 ox^om^ummi^v^^, ^mt. ^^tc^M^^frVi 1200 
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0 0:^1^5) 1 0 0 O'CT-^PggO^^^ffVi. ^>J?JciPiibTl 2 0 0;&^e, 1 5 

§0 n^i^(Dmmt. ^^t^r^^m (bn) Mn<D^^\t. ^-h^m^xmm 
n^ctijm^L^^ mt'^^m^n(D^^u<Dmiz. 7)u^± (AI2O3) 

m^?^(D^^myf^mfsim^mt. ^■^i!)t4 0 o~6 0 0 nm<Dmz^^xmm 

•^nx^^'r^m^i^X$>r). m^\t. Y^OzS : Eu, La^OeS : Eu, C 
aS:Eu, SrS:Eu, ZnS:Mn, ZnCdS:Ag, AK Z n C d 

s:cu, A\m-^^mW6n^o ^(D^'oizYAGj^myt^tthizm^i^oyyt 
15 ^m^m^rm^i^^mmt^ ^t\z^y)m^mm<om^^^i^±^'it^ c: tf)^ 

&s±(o^'^\zLxm^-^n?>YAG^myti^. ^^nmm^m^mz'Rmi^ 
n^m^^o^^^yf^mum^mt. mytm^(Dm:^^m\z^^^x-m^>B^ 

20 n-mm^^\^^\t-mm&.±^mhxh^\^\ ^(o^^fsimmzt^t. 
nm<Dnytm-^^<D^(Dm^\z^^M^mmibn^. c<Dm'^. ^myti^m^ 

^^yt-^ti^yt^^K)M:<U^L'fy-^-o^Ay^m'P-^'i^^rcib\z. 

i^^m^zsmmmuvx\r^^::ti!)m^v\,\ ^tc. mmj^n^mt. ya 
Gmytmz^y)m^^m'^nrz^(D-mmuhxL^oz.t^mmLx. mit 
25 ^m^m^Y AG^n^i^^ Ki^^m'f-mwt^mzj&i^^&miz^m-^n^j^o 
^z^^m^j^^r^^tm^Lir^ ^o^o^zm^t^ct^z^-DX. ya 
Gi^^mz^\o^^^mnrcyt(D-mmim^ikytmzmu'^nxL^t>z: 
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t^:it\z^^nmm(Dmmi)mmir^o c(Dnmm<D^m\zu. ^m^^^m 

5 ot:~3 5 o'Cj&w^L/Vi. 1 5ox:&,±ttn\t. mnm(D^m(D 

mM. mm. ^^:^)i^^^jy->:3.\z^r:)xnt)n^:it^(i^WLt'r^o ±mxm 
25 i^^mi^m^zmm^mn^xn^m^tc^it^^WLtt^o z.n\t. 
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T#S. z:0^mmz\tS i02. TiOz. AI2O3, ZrOz^&ta^;^^ IG!2^2 

10 mBi^mmm<Dm^xmWi. m\:<^^mi^(Dmiiimm^:ry^>^\z^ij9-y 
':^mzmm^mi^^^mt^xm^mxrc^tmwLt'r^o ^mmi^zm^ 
^mi^^ytmm\t. ^r. ytmmhmmit^^^mw2^x.^:;^>!/r^:it\z 

z.n\t. mimB^(Dumm4<Dmmmm^m!^'r^rctbx$>^o ^zxu 
15 ^:i:/\-m^z^^^x. <D^mw2 tvx\t^m•^nx\^^^i!)^^nmm^6^m 
$nTVi;5:vi, -e®^. f^2mm^<D^mm7^m20mm6(Du^'^-:^>7' 

25 "fn-iTs^^m-^ (lai 9) , 
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^"fn-iXt-f^ (S2 0) 0 



So 
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10 nmmm 1 

A) o -^(Dm. m\:m^mi$-m±\z^i(Dmm mx\tvmmm) s^w^^-t 
15 5, 'A\z. miommomumx^^'DX. mmmm^mi^o^mmmzmimm 

20 i^mw.t^m^.&m\z^K}MKi^t>'ii^ (gi2B) o m'^t>'^mmmmm± 
(1^2 c) , ^y^jy^jc^^bti^s^M^^tJu. ^2 

#mM®^it:tl¥##:l(^MaiffllC^2®«@^J^i?^T^ (0 3 A) , ^IdT, 

25 bTt)J:Vi (04 A) o 7'r'\'-:^>x-r >^^i^SI^ViT^<b«t&^^ 

#:m^(D±®$^2i^i^14(^^aMT^Vi (EI3B. 04B) . ^S^^ >->i^f:: J; 

\zmihm'^^j^^\yxh^k^ (0 5, 011) . 
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)v (MgAi^oo (D^oumm^^u. ^tcmtmm (6h. 4h. 3 

C) , v-U^X ZnS, ZnO, Si^ GaAs, y^^=E>\^. 'AU^im 

-/77®tl^T«, -^i^A 1 aGai-aN (O^a^O. 8) T^^tl^^^b*^ 
¥^#:> ^mi^ly<\t. Al.Gai-aN (O^a^O. 5) -V^-^tl^mt^ 
^S#:$fflVi^o /-^yyTMomm^t. 0^L<UO. 0 0 2-0. 5 ^m. ck 
D$f^b<«0. 0 0 5~0. 2Atm, $e.iC$fSb<JiO. 01~0. 0 2 ju 
15 mTabS, A*7 7 7lC!)fife;g?amt^, $f 0 0~ 9 0 OX:. j;0$fSU 

<^^4 0 0-8 0 0*07?^ So JintCckD, ^^btl¥^#:M±©^^"1'tr^y 
i&m^'^^Ct-fy^'V^^o $6>lC. Htf|B^SS^±lCELO (Epitaxial 
. Lateral Overgrowth) t) A 1 xG a i-xN (O^X^l) M^^^'^^ 

TfeckVio C:OELO (Epitaxial Lateral Overgrowth) ^t\t^it^^ 

L/Vio iliia^:gMa:bT«. 7>H-y©GaNX«nM^M#l^£H-:/brcG 

^L<\tSiim&.±i^^^o s S/cv 9 0 0-110 

OX^. $f*b<«1 0 5 0'C£il±Ta&S, 
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/Vy'^^^y'fx:^-^}\^^-^y):k^<r^mm'V^y). Al,Gai-jN (0<j 
5 ^'-1 X 1 0'Vcm\ J;D^^b<^* 1 X 1 O'^-l X 1 0^ Vcm'-e^ 

:^^m\zm^^^Bytm (m^m) ^pf3i<t%s aki nbOai-a-bN (o 

^a^l. O^b^l, a + b^l) t^^^^^pMt. A 1 c I ndG a i-c-dN 

m^^t^o $6{c^^b<«. ±m^pm:si.zsm^mi)^. tn^en. Aiain 

bGai-a-bN (0<a^l> 0<b^l, a + b<l) A 1 d ndG a i-c- 

dN (o<c^i. o^d^i. c + d<i) TS^o fsnm\zm^^^n^mtm 
m^^^ct\z^^^ytm'i'^^mtiit'r^^tti^rt^o $e.jc:0^b<«, # 

Byt^'^\zm\^^^^pm\ZA 1 'iit^<D I nGaN©#pl 

20 T^SilT^cjg^S^. :i:#:6<J^C«, GaN©n>F:^i^>yyx;^;i/:^-T^^l^S 
3 6 5nra<m hb<\t^n^Dm^^^^^n^%(DXh^o 

^pm<Dmm\t. $f*b<«lnme^±3 0nm£;^T. J;D^^f^b<^i2nm 
^±2 0nmJ!^T> '^^\Ziff^L<US. 5 nm£;l±2 0 nmiJATT^^o In 
mcfcD/h$Vii#FPi:bT^^t::atgiirr. 3 0 nmJ; I n A 1 G 
25 aN(Z)47cii^©Jg^14dtigTl^^^#Wt{£T1"§*^e>-e^^. 2nm 

x\mm^m(D^±mMiyxm^^^f}^m'^tf3.^o $e>tc^j¥^3. snm 
•t^z-tx. iznmxmm-^'^^LD(D^^\z0r$!ii0^^i)7^A\zMhx. it; 
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ifiY-':f-^nx\^^^is^n.W7yY-':fxh^z.tx^^. m^\t. n^m^\zxi 

Xh^o mXU. LEDT?«, 5X1 0'Vcm^JJJl±2X 1 0'Vcm'OT/{>^ 
15 ^f^bV\ i^ffi:^©LED-^LDT«. 5 X 1 0 ^ V c m»£il± 1 X 1 0 

Vc m^fiAT, J; 0§f ^ b < 1 X 1 0 ^ V c m^m± 5X10 » Vc m'£^TT 

m^m[H(o-r^x(Dm^M\z\^-':rhxh^< . ^^\f^\t. -gpsrH-y^: 

\i-':fr^m^. ^^mnxnmmm\zum-^nrcimmm\z]^-:rt^ctf)m 
sbvi, mx\-£. nmmmit^^Wi^xnm^(DmmmB. inuiEo^mm jch- 
-ft^z-tx. n'f-mmmz^Bmmzmx-^n. mnrz.^^mmt\H^m^ 
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nm&rf(DmmT\t. Itmic^-^i^AlcI DdGai-c-dN (0<c^l. 0 
^d^l, c + d<l) T^^b^n-SAl I nGaN®47cjl^, X^AlGa 

npmm^mmir^cti)txt^o ^ft. nmmfjn n^^^r^M^ (d> 

^dj^to. 1 ^m^^t. m^m\zA 1 1 1 nt(DEji^sf)mm-^nm^m^m 
ithxmfsimf)^mm-^nf3:^^fttbx;^^o inm^itdsro. ob&n^tt^ 

vxmmm<D I nui^itd^mpmo i nm^ith\zit^jK^m^it^mmx^ 
^:itf)^iB. d^ht-r^^thpjmx'^^o ^(Dm^^. ^pmtmmm(Dm^ 
mm^mt-^-^^^t-^^x^^ox. m'T'^pmm\z^^^x^mzmm^m^x 

nmOTT^^o 1 nm^Kif\^^^^ti^-umm^^nirmmmtvx-f^\zm 

j^ic. mB^ytm±\zf^immm<Dmm^mi^m^m^'r^. :iz.x}t. p 
20 s!^^bw^^iT^-:)T, &rf(Dm^m^m^r^. i^ri)m^yy\'mth 

(D^^V7(Dm\:'7hibf)^x'^^h<Dx$>n\tmzm^'^nf3i\^^i!)t. a i kOai-k 

N (0^k<l) tmif^^n. ijtJCA 1 kOai-kN (0<k<0. 4) jdWSb 
Vi„ o pMil7^^;/ HM(Z)mi?«i|tJc^^$n?5:Vi50^\ ^ff*U<^^0. 0 1~0. 
25 3 fim. J;0$f*L/<«0. 04-0. 2 umX^^o pM^^^;/ h'lOpM^ 
i^ifeJiftttv 1 X 1 O'"-! X 1 0''Vcm\ lxiO^''~5X10'"'cm'T 

i^jfi;ii:^{ST$-&^c:<i:*5i?#^o pMi77^;/H^«. ^-mxh^mmM m 
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^tmWz. ImGai-iN (O^Kl) ^ AlmGai-mN (0^m<l, m 

>i) ^mw^n^o mmm^m^r^mommu. m^^mmom^^t. 

A I fGai-fN (0^f<l) >?>^fflVie>n> mz. Al fOai-fN (O^f < 
0. 3) '(:m^'r^Z.t\zJ;:r}:i--^y^;nmx^^^l<Dnmt^tti'U-t-5. 

mmmzm^^^it-^'^rh. $>^\^m. yfmm\z^mmi>zu^^m}^^ 
ifmmxJitmm^mw^^m^mit^^m^^ (mocvd) -^a^-t 

25 K^^Bxe^J^^^'^^jl/fiK:! (HVPE) ^i^Xlf iJ^^i/- (MBE) 

]^vrcm^\z\t. m^ui±\z^itm^mi^2^]^^m miA) . ^7xa- 
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P t> T i , A K I r. Rh, Ag> N i - Au, N i— Au— RhO, Rh 
- I r, Rh- I r-P t^T^S. if ^ b< «Slt^©ii5ViR h> Ag, N 

fBi<Dmm(Dmmuo. o5~o. 5uLm'^$>^. 

mi (omm 3 ^mrnvtcmm^mi^ 2 <Dmmm\zm 1 miSL(Dumm 

o^i^mwit(D9^K)^t>iimzA\. Ag> Rhf3:^(DmKHm<D±mm^m^ 

-Seiti^^^T^^o ^(D^. Au, Sn, Pd. I n-fy^^^^UHj^^mUn^^p-f^ 

<thi^ ^-^m-t^^^f)^ i^^^mmm 5 ^^n^mt^m 0 ^t>^m\zj^^ 
M't^tm 1 mmm<D0kmm4 mmt^zmnm 5 1 ^ i * r h onm^t 

^0 RhO^±m\zm}j^TnU. Ag^Wo^tlzUKiAsO'^^^U-i^ay 

mm-^n^t^\zM^^ytmihb^^h^mx^^o 
m:^. ±Bmm^mi^m^(Dmmmmfm\zm^t)^^-^mmwLi i^m 

mt^ (m2A) o M^i^mtLX\t. Cu-W> Cu-Mo. A1 S 1 C, A1 
^it. -^^&CuxWi-x (0^x^3 0) , ^fcCuxMoi-x (0^x^5 

0) (D^'^izmtctfj^x^^b, An^^^^^mwitrmmm^MWix^^^ 
x'f^j>hmmf3:a(Dmm±\z^y^^m^^t^\zmiix$>^o ^r^s i^m 
if^^m^it^mxf-y yik^&^b-^f vi;^T^s, ^nmm<Diif^ vi^mmt vx 
tts 0-5 oonmx$>^. mmmm\z^nmu^n<'r:bctxmm^0k< 



wo 03/065464 PCT/JP03/00757 

32 

nMum(Dmnmi 2i!^^o m^ur i -p t -au, t i -p t -sn. t 

i -P t -PdX«T i -P t -AuSn. W-Pt-Sn. RhO-Pt-S 
n. RhO-Pt-Au. RhO-Pt- (Au, Sn) #©^MM<£:?^fKf 

m^M^^o m'^t)'&x*^^'^^^.\z\t^wmm^t^im^mm^tm 

i^^MtCDrsltC. 0. 3 jLtm@^©J?$<DAuM^?^^bT%^Vi, ftUO'&t) 

^m\zi,tmi(Dnm/T i— p t— au s n— p t— t i /^n^WL. ^<Dm\z 

rnKDnm/RhO-F t-AuSn— P t— T i /^W^U. ^KDMU/T 
i— P t— PdSn— P t—T i/^^mU. f^KDnU/T i— P t-AuS 
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(03 A) o ll2<Z)«afCnM^@^ffiVi§Ji'&iC^T i -A 1 -N i -Au, 

w-A 1 -w-p t -Au, A 1 - p t-AufsiEt^^^o ^2<Dmm\tjm^^ 

0. 1~1. 5p,mtt^o Sfc, ^(7)lxDmb^^^l6]±$-iir-5fcJ?)fC^2# 
NbzOs. AI2O3, ZrOz. T iOzU^ommmiS^^o t^C^O 

mvmm^i^±-^^^rcmzm^mm(Dmm^^R i E^TiHiflj^Ji^^j^^T'S 

m't\zit^xi. 5i^&.±tu^o mB^im^miip^m^m^\z^i-y^umm(D 

■Trab^o ^fc. Mti^fi^-f)m^%(Dttni,tu.Ri^0mm^M<f3:K>w.izytmr) 
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xt^m^tft^xumm^zmmuxt^m'^u. r i e (Rm^^:t>xy^ 
^<DJiy^>^iuxm^i^^^Mn^m^:itxwLmimxhx^^o ±i3 

(Dmmmm^±o. sommx^^o y.±\zw^tmmz^y). umm^^Lu\^^ 
h(Dtit^xm&^±\ff^^tfs.<. yt(omr)mv^mti. 5^sk±tu^. 

i\:0^.(D^-(zyy>;fm\z^^^y\fym(Dzy3~h^m±x^^o 

15 $e>fc:. mm^mi^m'f'^^^i^>^f3iax^y':fmz^m^nvo 

^im^mwm'f'. mm^\z-D\^^x\m^^x^^. 
mmmwii\z^n^m(Dmm^mn^^^m'^^^ro ^nmm±\zmmm. 
f^KDnm. mm^mi^^m^z^r^o mmm\:m^mi$^±\zJitf^2(Dnm^ 
tt^o ^2(Dmm\tmm<DMM±\z/vy }^m®m^mm^mi^h. •^^\zny 
25 mm'f^^mmm\zhm^mzm2(Dnmt:m^Lx\^^^o /-^y mm^0S(.mm 
\m^±o)2tfm\zm^rmm^x\zMbx%^\,\ i^ftmi<Dnmtf^2(D 

m^mm\tm2(Dmm0/'^y mmm^mm&.^x$>numm^mwm± 
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mi2A}Z7F:-rmim^m^m^m'?mvs (mi 2b) T^st, 

2 tm 1 (Dnm s \m om^h d . mm amz \t.m i mm^(DU 

10 ^^nrvij^vi) ^5 0 0 Ajjji± 2000 Aurommr^^f^t^ z. trm^\^ 
®j{i^e>MfcEi^^5-ro 0 6^t^^si±{i^2 0m®&w-r^i$'-ryTab^o mi 

©mi brum 2 CDm^i:a;^j:e>?5:ViM^TSn««i#t;:]f^^^:A:^$ttRSjt$ , 

20 ^rcm2(Dnm\t2t}m&sn-\zmm±x\zm^vrzh^^\ miiizum 

2 <DmmM^^\zmzsrz^-( ^^^t. m s \z\m 1 (^«ii;&v\'-; ^nm^^f 

<^m^&L^T^'5iS'-r>^T$.§. ^<Dm\z\mi o\z9r:-r^^ti^^mzm2 

25 nm^MfSivx^f^^o 

\z. mm(Dmn\z^r)nmmm±'r^o -^i^izmn^m^^m^^^tij^x^ 
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«te«9^t>1i:Nfl'*^^ii-Sfe®T^S, Ni-Pt-Au-Sn-A 
u> RhO— Pt— Au, RhO-P t -Au-S n-Au> Ti-Pt-Au 
-Sn-Au. T i -P t-Sn^fiKMT^. 

mtnumm^m^m±.\zi^i^\^fcw, i (owm^m-^^^'^tf^x. 

^O^. m2#mM0^<btl¥S#:M0^m®&R I E^®x^:/5">^7'Jcj;0 
^^JPX&ff "So -ebT^{b«^¥S^SO^®t::T i -A 1 -N i -Au. W- 
A 1 -W-P t -Au?^<i:{c<J;t9^2(7)mM6$?^^T§, $e>l;:, ^2(0^^ 

(^J^finMmi^) IJi^^&^'9<fc'5fcS i 02^ A 1 2O3, ZrOz. T i 02;^J;<I: 

if^imm\zm^m\Lm^mwm=?'\mK>'^t>^kxu^2mT'!> %<dx^^ 
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(ill 3) o ^mmu±\z^pf3i<thmi(Dnms m^m^^-t^^im^m 

Miam 1 <oxm\zii^^x. mim^mi^m(D^^m\z\tf^ 2 (Dmm^iffhxf^ 
. mionM\t.mm^mwt(Dwm\z7)VB,-^j^^^\^. K^^wu\t.wt 
15 ifmm<omm\zm^mm^M^m%m=f'\t. '^^mwL±.\z^>u< t fen 1 

\zm^-^ntz.7)v^ :=^^h.\m%m=fi}^ e> (o%^^nmLm\zm^^^^ ^tu 

s.:z^j:.i,tnmmim^mmzMvxt-s,yC7mmt-/3:^rcibm&^&rff)^'^m 
tfsi^o 7)VB.=.oM^^mm^mwm'f'^m\zm^t^z.tuGaN-^A 1 n 
mo^mt^^wmm-^nx^^^u^r^rc^. mrnxj^-Drco :^mmx\m'o^t)'^ 
^m^2mnoz.t\z^^x. 7)V5,:z^A^mt'&f^ 1 <Dnmt0^M\zm^t 
25 ^::ti!)^nimtf3i^rco ^fe, mf^i(Dnm\t^^m^^hx\,^^rztb. 

#®}c:Wr<5 z. tTi^MI^$-&s z. tf}^x^^o 
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ytrnmi^^'^^oyi^^^o tfimmomm^tn^t. ytma^v^miitm^z 

=ftU^. mUW,l<DmM\t^^m^l^^'f^tc^^ Pcl^ Au. Sn, InlS^ 
Mp^mmAK Ag. Rh. Ni. Au. diS^^^^m^^M\tn^ 

7, sic. GaN^) ±.\znmmm^MW-m. ^%m. vmrnm^nwrn 
mmzi^^hrd^^ mvmmm^mw-m(o^w^\z^2.(DmwL^im^mz^ 
oftso-^b-fr^o mBmioiM\ziQ\i^x. mYM^^wm<o^^m\z\-m2(o 

«cu-w, ^yn-M. T.T-yvTs^xh'DX. x.t^^yy-vn,E)^m(^^ 
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-jm-fim^^n^Ti}^. ^^tDv^^^^j^i^a^iz^Kimy^^-i^m^^^^'t^o 
5 rc^i^m&u^m^v-t::t\z^^w&i&r\mm-^n^o ^A^zmsoxmtv 
T, mt&mtm^mwm<Dmi\im\zmn^mj=S(.-t^o ^(ommto. ifimu± 

mmm^mi^mtmihvx\^^^mmm\zf^ i (omm^^vx^w^m^m^'t 
10 mBmi(Dmm\t. tfm^itm¥mi^mt(D^m^zr)v^:=.^Ax\m^^ 

^mmu<Dm^t>it^mt-^mmmzT i-F t-Au. Ti-pt-p 
di)^i^f3i^mf}^^m\tn^'pu< i -Do^m^^vx. mi onmt i o o 

15 "C- 5 0 0 "Cig^Tf^"/l/X &ff Vi^^^^^ii-^. 5 ©X^TMBBH 2 

u^mfj^rmz^^x^mm-b^m^^'^^^txmm^mii^^^m'f'^mm 
t^o u±^Kimmmtmmii^^^m'?'\t^nmmmf)^^^m^^/T i -p 
t-Ausn. T i -F t-Fdsnm/mi(Dmm/mm^mi^/f^2(Dm 
20 m^^^^^mmiz-r^o 

im 1 cDxa) 

^r. ^ 1 <omm 1 0 1 ±\z^it^¥mi^ 1 0 2 ^^fi^^s^it^ (gi 1 3 a) , 

tx. mi<Dwm=m\zmntm^^nmt^^ti)'ix'^^o mz. wia^^t; 
^^mw-io 2(Dx,v'^>^'^nx\i^m^mL\z^2(DnM {i>mnM) 103 
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^m0^t^ 3 c) o ^©m. mmm^mi^i 0 2±i,zm2(Dmwii o 5 
(01 3D) , mzommi o 5^m^t>^^mMmi o 4\z 

w, w> Mg, □A*-;W, •OA*-*^, Ji^u-i'^H^W. 5i?Uxxx;i/^1t 

(hb. ^l|2(Dma[©n^S0fil^L (Mm) i:-rsi:. L/S^O, 0 2T 
2 0^@iC^iNi^ Co. Fe, Ti. Cu> Rh, Au, Ru, W. Zr, M 

15 <ife— @>6ie)^§, 

{%2(n>-iM) 

MZ. miCO^^<^^^$-&. 0 2a)gmMS:J^fig-r§ (Ell 

3E) , miom^i 0 i\mm'^:L^-y'^v-^mmzii'Dxm^-^n^o w, 
1 (omwL^^iiX^tzimmm^mw i o 2 (D®m®«$ e>tc^$:^7;w3j?u yz^ 

(^3 0Xa) 

^id, m^mm^mwm(Dm^m\zWi^^'mm'^ (iai3F) » 

gp©itwi5Mm^±, m^M(Dmm\t3 iim&.±fr^o LED^omom 
<om^^7)v^=ir^j^^mxmx^m\z^-t^z.txm^^^-^ys.\^^mm^m^ 



wo 03/065464 PCT/JP03/00757 

41 

mi 1 l^MO-a-ibit^ (lai 4B) . ^r)'^t)'&-:^mtVX^t. AuSnl^, 
PdSn^. liiFd?^^(D:A^y-(X^n^^m\zm^htc^W^WLl 1 1 

t. ^m\zm 1 (Dmm i o e ^m^vrz^iti^^mi^ 102 t^m^^^^-^-b^ 

x:&.rr;^^o mmmi(Dnm\t. mmmm^mi^mt(Dm\z7)vk=:.^A 
^WT^o sfc, ^itsis8^i> ^lommt^^^^iz^^xm'^-^n^rcib 

pt, w. Ni. T if3:E(Dmm.^^m^r)f3i^n^)7m^m0.Lxh^\^\ 

mBfBKDnUl 0 QtLX\t. Al-Pt-Sn. A 1 -W- I n^tT^ 
m^l©m@«h-a';H^Sr5 0 0 0 0 0A£i^Ti:'rs, 7;P5r: 

^/^(Dmm\t5 0 oe^±i 0 0 o o A^ti-^o T)v^:i-^A\t±^mmmm 
x$>mt2m0m'^t>itxmWih^y'fp^xi^-tiimmtu^o i^mi. me 
f^Konmi 0 6<Dj^m\t2 ooo a- 2000 a- 300 0 oAt;&§. 
A 1 N^^wmmttn\mm^&mr^^(DX':fv>hmmf3iE(Dm^±\z^ 

'r^^j^x$>^o ^nm^<DU^L\,^mmtbx\,t5 0^5 0 0 timx;^^o mB 
m\z\mxux^^\z^D'^^if^n^^mm. /vjtm. ^^m^mxtcm^ 

j&WSL'Vi. mX\f> Ti-Pt-Au, Ti-Pt-Pd, X\tTi-?t- 
AuSn, W-Pt-Sn. RhO-Pt-Sn, RhO-Pt-Au. RhO 

-Pt- (Au, sn) m^^mmx^^o ^tz. BD^tD^iom^^mu-^n 
5 (Dxm) 
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^(DWi. ^5(DxaT> ^20^1^1 0 s^m^-f^ (Ell 4c) o cn\m 
m2os^^i^m mm^mi^m(Dmw,m\zmmm<D^mmi 0 7$^m 

r§ mi4D) o -KWoilPl^fc/Vy hmM^?^^1"§ (^15A) o 

10 ^(D'^. i^'izyy^iz^ri^y'fitt^^txmm^m^Bytm^t'r^o m 

^^rc^m^m^m'^ummitim^^rzib 2 w&.±0±mi] ^^xt^ z. ti)^x 
mt}h2 0 omvf&.^^m'To &.±\z^ir^mmmm^K) . m&^±w^z. 

mmmm3\z^n^±my.^^o:)mm^mi^m^m^^^-ro ^wmm±\zm 
i<Dnm. ^iti^^mmmm-r^o t>immm^mi^m±\z},tf^2(Dmm 
^WTSo f^2<omm\tmL^ii!ihm±\zmBmzm^-^nx\f^^ mie) . 
20 muU(Dmm\ti^i 0 0 (im^x$>^. ^rcm2 0mm\tmm(DMn±\zj'^y\^ 
nmm^mm^mmhx\,^^o /^^y }^mmm^mmnMM±o2m\zm^'rm 
m±x\zm^hxh^\^\ m^^nmmmm^mwix^^x. n-m^xnm 
m^^^-r^mmtu^ mn) » -^^^z. mmm2 0mm±\z\ts iOz. a 

IzOz. Zr02. TiOz^ Nb205. T azOiUEO^MB^I^rc^t^rmm^^ 

•t^o ^m.mifimf.'^^^^tz.tx. ^y^i\:0n<Dy^i^>^m\z^^^y\f 
>if^(Dz/B- h <£B&±Tt-5o mmwkmx^ z. txi^a- hmm<zL t-m 
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m 2 (onm 1 0 6 t^mw i o 2 t0^m\zma^^mr^^mwm%mm\z 
^;:t&4#m^:-rs (^1 5B) . mm^y-\t±mvrcmm^^t^u 

15 ^JS^J 

&j^\z:^mm(Dm^t^mmm^7^'tf)^^ :^Bm\tz.n\zmM'^nf3i^\ 
mmm 1 ] 

mmmi<DLEDm^mm:^mz^\^^xmm'r^o t-r, 1^-7 y-rr 
(CM) ^y)f3i^mn^mi^uoYPE(DKf^mm\H\z-^yhh. tk^^ssl 

r> TMG©^f.&jt8e)T, iam&i 0 5 ox:^x±^-^^^o 105 Ot:tC3a:-:? 

^c?), P1D<0)^:^XICTMG, 7>^:::i7:^7.^£ffiVi, 7>H-:/GaNgl 



wo 03/065464 PCT/JP03/00757 

44 

032rl. 5 tinKDmrn-V^^-^^^. J^V^T 1 0 5 O^CT, I^U <Mi^:^/X{' 
TMG. 7>^:r:r:yx. ^m^iS7.\Zzyy>:ff7.^m^^. Si<&4. 5X10 

^^{c:>'^>':tfX0^>«i&ih8S>x 105 O'er. tmg. T>^:r.7:^x§ffiVi, 

T>H-:/GaN®<&3 0 0 0 h D-A^EiPT^S^iJ, igViTlWlM 

^lCTi/^>:^X^3ij[inbS i ^4. 5X1 0^Vcm'H-ybfcGaNl<£3 
0 O:t>^^XbU-i^0M01f^:g$-&, MfCi^ViT>'7>:^X(Z)^^±fe, |^ 

mzUm^S 0 OX:\ZlyX. TMG, TMI. 7>'E~r^m^\ 7>F-7°I 
no. laGao. 87Nji<&2 0:r>i^Xhn-AfiK5$'&^o C:ne>©j^f^^SiOM 
3^Sfcl 0jl1^O||M$-&> M^JCGaNl&4 0:f>^Xl-D-A^S$ 
iJT?^^!fe$nSjg*&^^jiM<& 6 4 0 -ty^X h D- 

J^tc, 7> F-T'G a N J; D ?^§^M1<& 2 0 0 :t->^X hU-Aommx^ 
^-^ii. m^^Xmm^S 0 OX:\ZVX. TMG, TMI> 7>^:n7SfflVi7> 
H-yi no. 4Gao. 6NckD;^J:S#pM<&3 0:f >iJfXhD-A®jij?T^;g^ 

•&§o ^bTi^M+^i^p+if^+#F- • • ' +mm(Dmxmmm^5M. #f 
ji&4i. ^K\zmmvx. ^mmi i2o:t>iJ^xbp-A©#ss^#F^ 

$nTU^niiJI|2#lJ^tt3:V^Tnfe, GaNS^ScklJ^I nGaNMcomM^ 
iZ^-DXm^-^nxif^^f)^. m^m\Zt^n^ I nG SiNmoU^i!)^ I no. aG a 

1 #mM(D^'fti«^¥^^®) 
^td, M^l 0 5 OICTTMG. TMA. Ty^e^-T. Cp2Mg (->i7p^> 
i$^>?xn;i/Y^:^^->C7A) Sfflli. Mg$lX10''Vcm«h*-yb;fcpMAl 
0. 2Gao. 8Nji<&4 0^>iJ^X hD-ACD]tj?T^:l$'&. m^^XUm^SO 0 
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"CJCbT. TMG. TMK 7>^:r:7, C p aMg ^ffll^^M g ^ 1 X 1 0 ' V c 
m^H-ybfel no. osGao. ^il^iM^Z 5:t>if:^hti-A<DmmrfS(.^'^^t 

::n^(Dmi^^mKiML. ^mzsmt-ommL. mmzmmi>mAu.2G 

i^V^T 1 0 5 0 "CT, TMG^ 7>^:nT. CpaMg^fflV^. Mg<^lX10 

KmnrWi. um^^M^rf^f. -^^iz^mnmn.^. ^3Lj\^Kj^m^p^ 

^n^^^o pSS@fc:J*Rh<£2 0 0 0 ATfi^mfSc -e©^. :t-5u/i77 

^i^r-S. ^om, ^mS5^J^^t-§:rc86(c:^«®. AU7S^ ^^M&T i - 
P t - Au-S n-Au©Jli{;:1^2 000 A- 30 0 0 A- 3000 A- 30 
000 A- 1000 ATJ^^-rSo 

ms. -^nmii isffiic-r^o Mj?>ot2 o o miiit^dcu 1 5%. ws 5 

%56^^^e^i#^^R(7)^®JC#mi^T i -P t -PdOjlElC]lJ¥2 0 0 OA- 
3000 A- 1200 OATJI^^jcf So 

nm 5 t^j^^:fe©^jimj^^®t^ft5«9'&to-^^. k-a^-ig^^a^^2 s o 

^tcRIE^gJcJ;D> S iO2YX^TGaN^5^';/:/J|^{C:0"il<&ff'5o J^CtC 
HfffBnM=i>iJ7v^ hM±(3^2(Dm6 7?ibSnMm@?:T i -A 1— T i— P 
t -AuOjlilcM/^l 00A-2500A-1000A-2000A-6000 
ATJ^^fS, ^O^, ^jtSfisi^lOOMm^TWabfc^. ^J#S1g©m® 
(c:Ti-Pt-AuS:1000A-2000A-30 0 0 A-efi^Ebfc^. ^-T 
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>'>^^tf-5o m±J:0#e>n§LED^^Ji1j-'rX3^inmmX immTabQ 
T, Jli:^|n]ll^2 OmAic::feViT> 4 6 0 nm©Wfe^3te^5^L/. tB:t>4mW. 
Yf\t2. 9VTS§o 
C^iif!) 2 ] 

T#6n^LED*TOm:^l6mW, Vf«3. SVT^^o 
[^M^ai 3 ] 

^m\z7.h^^^m^xB\;}im^^n^o m^(Dm^\ti. bumtv. mm^ 

MX\Z^y). m:^\^nM2 0mA\Z^\,^xmij5. 4mW, VfJiS. 18VT 
$>^o m:^\p]nUl 0 0mAiZ:io\^^xmtl2 1. 3mW, Vf;&t3. 4 4X$>o 

immm 5 ] 

-So ^KD'r^ yfJVMXlZ^y). )li;^|p]^^2 OmAtC^ViTmi^GmW, Vf 
\tS. 2 9VTab§, ^;tji:Sr|Sia^^E2 OmAfc*5ViTad:^j2 3. 4mW. Vf 
ii'iS. 5 2Ta5ofe. 
CUSSf O 6 ] 

mB^MMi\z:is\,^x. nmnm^j^jjZ^. moivx^^^nmoiy^^hmo 
m\zBam]$,^nt>o B'^^mm. mB^<D^mm^^f^mtt^o a 

^mt2iim. B^m\t8p,ms M^^^dU. 5 nmXm^^t^o ^(Om 
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2 4. 7mW^ Vftit3. 4 

mx^^K 1 ^£r5 0 OATJ^^r^o 
(a^¥2. 2) TMJf 1. SMmTfiKE-rSc $ e. Id^^^m^^ 3 m mfBlRlT 

T. Jli;^[Rl«tJf!2 OmAfd^ViT, 4 6 0 nm<DWfi^^^^b. m;b6mW. 

\Mim 8 ] 

L E D D ai b^^^^HMtClHIflj&t;^ O t Jt'^T 1 . 5 ^ t 

£A±Jc:J;oT#enSLEDm^Jim:^, V f 
#e>n§. 2^^iS#iI©LEDm^«^m0{±il^»«^^^MNb2O5tC|H] 

[Il2i^jl 0] 

%imi\z^\^x. '^2Wimo'mm^i:\0z {m^z, d xm^\. 
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jK«Rj#Ta5oT. M©?^^}*!. o/zmiTSo m(D^mtmmm 1 tmu 
[^mm 1 1 ] 

mmmmthT. it7T^ir (c®) ^KifSi^^U^m^K mocvd^Kj^;;^ 

g&|^lC*5ViT/!Kmilga^'=J'. 1 0 5 Ot:T^Si0i^U-n>i5^^fi^oyt, A'«;/7 
rlim^T. TK^Uffl^^", 5 1 0*CT7>^:n7(i:TMG (h^) 

^itfco i^m^Sli : A*y7r®^!K:g^. TMGO^^±86T, Um^l 0 5 0 

'C^T±#$'&. 1 0 5 o*cfc?^ofce.> mi^:^;^icTMG. 7>'e=.7^m 

V\ r > >^G a N J; 0 75:^i^M^:S(Dgib^^S#:^ 5 n mOmmTj^^-^ 
"^TcLo 1 0 5 0*CTTMG, TMA. 7>'E:=.7. zyy>^m\f\ Si^ 

15 5X1 O^Vcm^F-yL/S:nMA 1 o. G a o. « N J; 0;^?»nM^ ^ HI 
5 3 MmOMJ¥Tf^^b;^Co 

TMG, TMA^ffll^i, S i H-yOA 1 0. iGao. 9NJ;DJ^SIfM»> 
tC7>H-y(D I no. 03A 1 0. o2Gao. b5NJ;DJ^§#P®^. W^MO/^P 

OA. mmm(^tQ>^40A. ^pmotQ)^7 0 AommrmmLtco 
mmmm4 2ok<D^mm^^'Fmm (mqw) tj^^o 

7K^#lS^Pf> 1 0 5 0t:TTMG, TMA, 7y'E-7. CpzMg 
25 b;^cA 1 0. zGao. BN^V)fS.^pm^yy H17 <£6 0 0 A^j^jfTfiKtB^ii- 
ViT. Mg^l X 1 0 'Vcm' F-ybfcA 1 0..7 Gao. 9,N«k0J^^ll2© 
TMg^2X 1 0^ Vcm^ H-ybfcA 1 0.., Gao. 9 3 N<j;0/^j:^^2 (DpM 
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3^>^e,^ffib. pM:3>iS^i^ hm<Dji\zRhm^mm2 o o o A^mi^xm i 

^^t^ pmU(D±\Z. N i -P t-An-Sn-AuO^mB^MMMtV 
X. jiJS 2000 A- 3000 A- 3000 A- 30000 A- 100 OAT?^ 

LTP t tSn(7)r«1<3DAulJi, S nJ^iVtU 7^-^iSitt-^(D^E&±"r^^SfJ^ 

-17. -^Wm^tLX. mmi}^2 0 0nmX\ Cu3 0%i:W7 0%(D^'&^ 

s^snu7i. ^uTAu5(»6>^K§^i#SMy©s«®&. ^<Dmx\ mmz 

000A-3000A-1200 0 AXl^^VTzo 

k-^$'Mm^2 5 o'CTyi/xiinjEUTMJE^u;'^, iintCcfco> mnm 
um^izishm-^'iix^mm^-^^rco ^<d^. mwwz^-oxi^-yr^jmw.^ 
i^*brc^> miiii^rcAyy7mi^rc\tM^^^m^mmiyX. ^ib\znm^^ 

i -A 1 -T i -P t -AniS^^^^i^mnM^. MJPl 0 0 A- 2 5 0 0 A- 
1 00 OA-2 0 0 oA-6 0 0 0 kxm^\yXW.2(DnMX^^nnMt\^ 

<onv Hm@i:bT> T i -P i-KniS^h^^^Mm^l 000 A- 2000 
A-3 0 0 OAT^mUfco 'A\z. ^'-(zyy^\z^Kim^-^6^m\ytz.o 

^#e,nfcLED^^«> 'y--rX/{>nmmXlmmTfeO. M:^lR]^Sit2 0mA 
tC^ViX, 3 7 3 nmOm^^t&^U tii:^3»4. 2mW, Vf»3. 47V 
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1 1 tmm<om\z^r)n'Drco 

-1f^ffiViT> ai:^6 0 0 J/cm='T, W1f5feSlmmX5 Omm©ii|)|^{Cb 
3nmT^0, Vffl3. 47V, ^9tmt}\t4. 2mWT2feofco $e>JC, H 

m^^mzmm-r^ctti^x^rco '^^omi'izjt^. m^mM^iz^<\^±L 
mmmi s] 

mmmi stmm(D^mzj;:Ki. mt^^m^mi^'^imLrc-fy^. :^mmmx 
umn^mwL±\zmm(Dmim^mi^m'f-^ h^fsi^^zMm-^^^xm^v 
jfe. ^(Dm^omitm^mi^m'^^-'mzmmm^Winx. nv^x-^jy^Xy 
tc. •^^\zm]m\z^%mnthxY AG^^^vtcs iOz^n-^^ y^mt 

^■?><. 
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5 T, ^a^^i 0 5 ot:ST±#$-B-^ 1 0 5 o'C(c:;^>:37^e,> m^:^x(c:TM 

jtim01iPT^:g$'B-fc. 1 0 5 0'CTTMG, TMA, 7>^=i7. 

yy^m^\ S 1 $1 X 1 0' Vcm^H-7°bfcnMA 1 o. i G a o. , N J; 0?^!: 

10 ^^tC, M^$9 0 O'CtbT. Mi^:^/XlCTMI (hU^5^;K>'>^':7A) , 
TMG, TMA^m^. S i ^1 X 1 O^Vcm' F-yb;fcA 1 0. osGao. 92N 
MU^nm.ms •€-CD±{c7>H-y©Ino..xGao. 9,NJ;0?'j:'5#F® 
ltMl(i)/'#FS®/I^Ml(D/#Fl(D/ltMl(D/'#FM(D/ltMS(i) 

^mi?^1 7 0 0A©#m*^#F«3i (MQW) tU^. 

mz. mimnmomm^mwmtimm^o 7mnm%^s i o 5 or-c 

^fflVi, Mg^l X 1 O^Vcm^ H-T'bfcA 1 o. zGao. bNJ; D^^-S pMi^ ^ 
20 h*l7<£3 7 OA0liJ?T^:g$ii:fe. i^(.iT> pM^7-/KJi±(C. TM 
G, TMA, 7>^-7> CpzMg^ffl^^iT, Mg ^ 1 X 1 0 ' Vcm^ H-:/ 
bfcA 1 0. orGao. 93N®^0. 1 Mm(DjjiJ¥T^:g$-&, -?-CD^, 
&SSSbTMg$2Xl 0''Vcm'H-yL;fcA I o. otG a o. ssNl^ 0 . 0 2 

25 ^S^7^. ^^^ffl^', '^xA<&^/iS^i§|^(C:feV^T, 7 0 0'CT7r:-U 

ODft^MT-^^BuEA 1 0. orGao. 93Njl±(c:Rhm<&M/? 2 0 0 Q k^M^h 
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OOOA-12000 ATJ^^bfco 

24 SnmOKr FX:^'>Vl/-lf<£fflViT, ffi:* 6 0 0 J /c m^T. U-1fyt 

btco u-ifmmz^r)rmm(Dmm^mi^^^mhx. D-yy^'^mu^^. 

i:Lrco -^^iZ. nMA 1 0. . G a 0. . N J; nS!iJ7 HM©^ DE0?&t 
2. 2 /zm@^tc;^cj:§STif0bTffimn^^< L-feo 

tulBnMi^^^;/ HS±tc, T i - A 1 -N i -Auy0^e>^^^Mm@^ 
?^^bTnm@i:L/fco -^O^, ^J#S1£^ 1 0 0 Min^TW^Lfc^, 

^<Dmm\zi£>mum<Dny \^mmtbx. t i -p t -Au-sn-Au;6^e>fife 

§#/lE^2 000 A- 3000 A- 3000 A- 30000 A- 1000 Al? 

#e>n7tLEDm^J^^ i^--rx>'lmmx ImmTabD. li;&^^ilm^2 0mA 
C:feV^T. 3 6 5 nm(DiS^^^^S:^b, ffi:^«2. 4mW. Vftt3. 6VT 

[mmm i e ] 

^mmUtLX. D-yy-i-^ (C®) ctD7'cf:§glS<&fflVi. MOCVD^il;;^ 

^n\z^^^x7i<.mnmn.4'. i o 5 0*01?^®©^ u-->^s:fTorc. 
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ii-. 1 0 5 0'CtCJ^ofc6>> m5^:^XlCTMG. 7>^::iT^ zyyy^m^> S 
X 1 0'Vcm'F-yb;tnSGaNJ:0fc}:^nM3>:$'^ Aim 
5 (Dmrn-V^^-^^tCo :k\Z. 1 0 5 0'CTTMG. TMA. jy^tZLj. 'yy> 
^m^^. S i S5 X 1 0 ' Vcm' H-ybfcnSIA 1 o. isGao. szNckD^^^n 

^^IC. iam^S 0 CCtCbT. m.mS7.\ZTUl. TMG, TMA^^^V^. s 
i \i-:f(DG aN^y)^^mmm. ■e©±JC7>H-y® I nGaNa:D;^S# 

10 PlSr. i^Mji/#Pl/ltMl/#Pji/ltllS®Iii{C^jlbfc:o JlOi:^, 

i^MS<£2 0 OA. #F®<£5 0 AcDi^jSTj^fiKbfdo mmmmi o 

0A(D#mM^#pa7i (MQW) tfSi^o 
'A\Z. tK^^H^^'^ 1 0 5 0'CTTMG. TMA> T>^-7. CpzMg 
(>'/7D^>i$'i?xn;i/Vi^:^>":7A) Mg^l X 1 O'^Vcm'l^-y 

15 bfcA 1 0. 2Gao. sN^y)f3i^iim^yy HM7 ^ 6 0 0 A(Dmj?T^S$^ 

1 0=^ Vcm'H-ybfcGaNJ:0?a:^pM:3>^^ hS^O. 1 5 um(Dmm 
J^SrMl?2 0 0 0 ATJ^fiKbTpmStbfc, ^(D^. iJ7 7:^— 6 

m/f2oooA--30ooA-30ooA-3ooooA-ioo 0 Axm 

^bTP ti:Sn(D^1©Aul^*, S ni!)VV)7m^^n-r^(Dm±f^m\ 
^Mfcb, ^^l(i!)Au®Ji^2<D^^?^^»^:C^^«14^I^-t$ii:§!SS'J^:^ 
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tcto 

71. ^hxAnn^^^^iinmumomnm^. z.(Dmx. j^2oooA- 

5 3 0 0 0 A- 1 2 0 0 0 A^lrJ^^bfco 

'A\z. mmmmm^^^Lrcm-^mmmmz^i^^x. i^yr-(7mm(DTmm 

J/cm'T> U—^yt^lmmXb Omm<DmmzVX±B(DRnm±m^X^ 

^>Lxu-if^mMLrzo u—^mmzj;:V)rmm(Dm\:<^^mi^^6^mL 
xmy^n^m< ufeo 

15 :k\Z. nmny^i7 hm±\Z. T i -A l -T i -P t -AujO>^lig§#®« 
m^. lli)?100A-2500A- 1000A-2000A-60 0 0 AXM^ 

bxm2(Dmmxi^^nnmtbrco mm^mm^ i o o utm^xmrn 
LtcWi. mm^mwi(Dmm\zpnmm0/'^y }^mmtvx. t i -? t -au^)^ 

^^^^mm^l 000 A- 2000 A- 30 0 0 AT^Mbfco ^Z. 

20 >^\z^Kimf'^^mhrz. 

n^ntcLEDm^^t. 1f^X>*lmmXlmmTa50, li;^lR]m^2 0mA 
C:feViT. 4 6 0 nm^n^myt^^l^fco 

mmmi 7] . 

mmmi s] 
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^mm^tVX. U-77<-\' (CM) <ki9?^^S«&fflV^ MOCVD^ii^^ 

10 m^^x. ymnmn^. 5iovx7>^:zrtTUG (h^j:^^)^^^)^ 

Tco /"^yyrm^^^. TUG(0^^±lt>X. jajt^l 0 5 0'C*T±#$-Br. 
1 0 5 0'Ctc;^ofee>, mniS7s\ZTUG. 7>^nT^fflVi> 7>h*-:/Ga 

15 iSSM^SS^S^. M5^:^7'XiCTMG> TMA, 7>^ 

X. 7>H-yC)GaN3&ie)S i SI x 1 0 ^ Vc H-7'b;/tnMA 1 o. 07G 

ao. 93NSTA 1 (DU^ittS i 0 H-T'MtS.^'J? JC:^#< LTJ^^bfc. 
20 1 0 5 O'CTTMG, TMA, 7>'e::=.7. v^>SfflVi, Si SIX 

1 0'Vcm'H-yb;'^nMA 1 0. orGao. i5;5:§nM^ 7^;/ HM5S 

2. 5 )[im®MJ¥T?^J^Lfco 
)^{;:. M^S9 0 0'CfcbT> M)|sf:yx(c:TMl (hUp^5^;K>>^'>A) . 

TMG. TMASfflV^ S i SI X 1 O'Vcm' H-:/UfcA 1 0. osGao. 9iN 
25 ^y)l3i^m^m. -e©±lC7>H-y0I no. oiGao. 99NJ:DJa:^#P^S. 

t^jibfc, com. i^M]i®t(Dt®t(Ds^n^*n2 0 OA, #pi®t(D 

^^IC, tK^^S^I'. lOSOrTTMG. TMA, 7>^r:7, Cp2Mg 



wo 03/065464 PCT/JP03/00757 

56 

(zy^a^y^z^JL-jV-^^^^zy^M,) ^m^\ M g 1 X 1 0 ^ V c h'-T" 
htcA 1 0. asGao. ,zN^y):f3i^Dm!7yy H17^2 7 0 AoBmrj^^-^^ 
fee m^T. i>m^yy\^m±}Z. TUGs TMA. 7>=e:=.7. Cp2Mg<£ffl 

ViT> Mg^4Xl 0 ' Vcm=' H-yb^cA 1 0. 07Gao. 93N<i:D^^S2 0p 

Mg<l:ix 1 0'Vcm'H-:/bfeA 1 o. oTGao. 93N J; D3^S^2 ©pM3> 
^itS^ibT, 0 0 fimr. Cu l 5 %iW8 5 %<DtI-&#: 

TMs ^hXF dt}'^iom^f^2(D^^m^m^> Z.<DmX. jtJP2 0 0 0A-3 
000 A- 1200 OAxm^Ltco 

yi/xjnjEEbTMJBE^bfc, ^n\zM. m%m\tm,^m>\zmi-^^xvk 

20 ^^^^^^tc. 

)k\Z. '&yT^^^WL<Dymmm(DBMmfJ'^. |^:S2 4 8nm0KrFX^ 
i/-7l/-1fSfflViT, tti:^6 0 0 J/cm='T, W'-lfTfeS: 1 mmX 5 0 mm©^ 

25 i:il5ta^K:glim^MMl<i:. $e>JlJinSiA 1 o. sGao. 7NJ;0^§nMi57 7 

^{d, nM^>i$'^7 hg±tc, T i -A 1 -N i -Au;&^^^'5^®m@^?^ 
^bT^2c;!)m@T^^nm@<i:b;^c. n%m\t. 5t^omb^^S:#^bT> 
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1 0 0 tixni^rmmLrc^. mn^MU(Dmm\zpmm!^<D/v:; mmtvx. 

T i - P t -Au-Sn-Au5&i6fiK^#lMS:2 000 A- 3000 A- 30 

ooA-3 0 0 ooA-ioooAT^Mb/^o :k\z. y-(zy>^\z^r)m'^^ 

Z.(Dm=f\t. ^UX/Vl7.nW.5 0 OmA (A;VXilii2 Msec, x^l—t^ 
-1%) ic:j3ViT> 3 6 5nm(^m^^^:^L.> tB:^Jil 1 8mW. mMnm 
4. 9V, ^gP«^^&^6. 9%Tv $e>^c:^^aTit$l^m^^^5 0 OmAlc::feVi 
10 T, 3 6 5 nm(D^^^5t^^t, ai:^J* 1 0 0 mW, El&mJEE4. 6V, ^SP 

[^Sg0!l2 0] 

15 -r§o ^©^^ (ptM® ^:fer5^Ni-AuTmi¥8 0A-10 0 

'A\z. m 2 (Dmwix^^ cu-wmm (cui5%) ^mMvmm^it^^m 

OS i H-y®GaN®^®tB^ii:§o :k\Z. StbtitiitBG aNM±JcWi^X 
hT^^y'>i5|^CD/^^->*?^^b, R I E\Z^y)GaN^l nm(Dm^XXy 

^ c^)^. Bul2^^bi^¥#^(^X y ^ >^^® ^ B H F T^MMS <£:fTo tc^. 
25 A 1 -P t -SnJ;D?^SB2(Dm^ (n^g!im@) 6 2 0 0 0 A- 2 0 0 0 A 

-zooooAom^xG&mwf^i^^t^o ^fc^WMUtU^CuyV (C 

U15%) gm^ffljtb. ^M7T*§Ti-Pt-PdS:2 0 0 0A-2 0 
0 OA- 1 5 0 OOAom-^XH^mr^o ^<0'4k. i[|3m2 0^m^Wr^^^b 
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@1 0<£1 0 0 OA-6 0 0 OAcDj?$T?^figf§o 

T, Jli:^rRimtjfE2 OmAJc::feViT> 4 6 0 nmODWfefl5t^^b. aj:^36mW£A 
10 ±, Vf«2. 9VT^§. Sfc, *IISfi«a|CDLEDm^«^^t)aib^¥«^ 

1. 5iBl^±tfSi^o 

15 ^omcD^mtmmm 2 0 .ti^iim-s. ^riz^ii^i^^mi^ 2 o^w^^-fo 

Ayy7m^GaNTmm2 0 0A. 7> H-^G aNii^lll? 5 )ttm, nM 
H1S:J^J?4 0 OATS i H-:/A 1 o. isGao. 82N (S i 
SXlO'Vcm') . ^1tS^M)¥2 0 OA(DS i H-^A 1 0. iG a 0. 9N/M 
m? OA0I no. 03A 1 0. ozGao. 95N/I^4 0 A©S i H-:/A 1 0. iGa 
20 0. sN/MJ?? OA(^I no. osA 1 0. oaGao. 95N/IW4 OA©S i H-:^A 1 
0. iGao. 9NSr^tH^Jp4 2 OATJ^^T^o ^{C, pMi> ^ Kl&it06 0 

0ATMgH-yAio.2Ga0.8N. pm:2y^^ hm^mmo. iaihitm 

gH-yAlo.o4Gao.96N (Mg(DH-yS: IxiO^Vcm') . mmo. 
0 2 MmTMg H-^A 1 0. oiGao. 99N (MgOH-y* : 2X 1 O'Vcm 
25 ') VB^-r^o 

u±^o%'on^hEDm^\t^^ ximmx imm'v$>K> . m:^\^nm2 0 

mA\Z^\f^X. 3 7 3 nm^^^^^^^b, 2mW, VftS3. 5V 

immm2 2] 
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[mmm2 3] 

7) o ^<Dm<D^mtmmm2 3 tmm\zt^o j^±j;D#e>n§LED^i^tt 

Jli;^lRll|gS2 OmAJc:feViT. 4 6 0 nmOWfi^Tt^^L', ltitl5mW&s±. 
VfttS. OVT^§. 

[mmm2 4] 

mmmmm i (ccfev^x, l e d^^ ^#ii#7-r -v-^cT^^^mMt l ed^ 

^mm^mmh. it^mm-\z^m-r^^^\zmwLxm^m^mm'r^o m 
m^^^<LEDm'f'<D±m^^mm±\zm^m^H^^'^^o ®i 5 ot:© 

M^T 3 0 ^rem^i^-^S ii t J: -^!>:^jb^ff v^mi?ici-/z m©M^?^^t- 

m-^^^o (Bmmz. i/>^xhafesvi«^u-r5HJcj:sii<£i^*b, 24.013 
(Durnxs o^mnm-^-^^ct\z^r)zLmiit^n'Oo ■^±®*ie>(i)cDxg{i 

^©±JcE§$ti. mti^-f3:mm2 0-30 Mm©n-xw' >^ll 4j&tJ^^ 
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4^m^t^^t\z^o. :^mmm\z^^mytmm^t. ^^msn^^iRU&m^oT 

Tco sfc, m^m^<D!^\,^^mM^^^mt^ct\z^K}. m^wyy^y^ 
10 [mmm2 5] 

m^tcM ^)->mnz^^u-^^ y^m^m^-^'itrco ;iz.x\ m^^^-^ 
vn-ymm\z^m-^'^rcun^mm'r^m'^\t. mmi s ox:imm(D^^(D 

z.<D^t>\z. OaLj\^m(Dt^\zmyti^^^t}:ji-y-^ y^ifmi 4^m^'r^ 

zt\zM. A y ^-9m\z L E D 5^^;/ ^ hx^ytmrn^Mt^m 

25 [|liiM2 6] 

tt^x^^o z.(D^^u^^ y^mvLL^^-Dtcmmm^^xs^m^mommz 
nvx. mMm2stnmzu-7-^yirm^i^mt^o mu^-T'^ytfmo 
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5 mmm 2 7 ] 

vmm(D±\z. Rh-i T-? tij-^ibf^^^^m^m^m^-r^o ^(Dm(D 
^mtmMm2 0 tmrnzT^o &,±\z^^'i^ibn^hEDm^\tmiMmi 

MMmi 9\z^\^^X. nmi^yyYm^'A(D^^\zt^mtmmzLXLED 

lOSO-CTTMO^ TMA, 7>^:::iT, >'7>^fflVi. S i «r 1 X 1 0 ^ 
» / cm' l^-T'bi/tnMA lo. ot Gao. 9 j l^^^fSi^f^KDnm^ yy HI 
15 ^1. 7 p.m(Dmmxm}^h. $e>t^0±{C. S 1^2x1 ^ /cm' 

yUfcnMAlo. 0 7 Gao. , z N:^Klf3i^f^2 (DnM^ y y \^m^ 0 . 8 iim(D 
■mmxm^l^> mi<Dnm^yy\^Mtm20nm^yy\^mtXhr:>X. nm 

[^ilf!l2 9] 

'^y7^rmm±\ZGaN^rif3i^;VyyTm2^5 1 0'CTS^2 0 OAOli 
/¥T^S$-B:;feo 'A^ZUm^ 1 0 5 0'C*T±#^-ti:. 1 0 5 0X:\Z-/3i^rc^. 

25 im^^i^^ 5 Mm©Mi?T^:g$ii:fco 
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m 2 mnm<omm^m^m) 

'A\Z. lOSOrTTMG, TMA^ 7>=h:z7. i/y>^m\ Si^5X 
10' ' / cm' H-yb;fcnMAlo. is Gao. 8^ N^y)t5i^nmC7^y ]^m^ 
40 OACDMJ¥T?^^bfe, 

5 im^M) 

TMG, TMA^m^\ S i H-:/0Alo. i Gao. s N^r)fl^Wmm. 
l37>H-yc!)I no. 0 . A lo. 0 » Gao . 96 NJ; 0;^^#Pl<&> 

pm(D/w^M(^/^pM®/WM<i)(Dm\zmmvrco c(Dns mmmo^2 
10 0 0 A. mmM®t®^4 0 A, #Fiia)i(D& 7 0 Aommx-m^vtco 

Mil, ^M0*^J4 2 0A(7)#S«^#FmB (MQW) tt^^. 

mz. 7i^^nmn.^> IOSO'CTTMG, TMA, 7>^:^T, CpzMg 
(>'i:7 0^>^7>'xn;U"x'iJ^:^>":7A) ^ffiVi. MgSrl X 1 0== ° /cm^ 
15 -/VtcA 1 0 . , G ao . . N J: D ^ 7 ^ 6 0 0 Aoji)?T^:l$ii 
fco MV>T, p^^^^y Hl±tc:,.TMG, TMA, 7>^::i7, CpzMg&ffl 
V^T, Mg&lXlO'^/cm' H-^bfcA lo . o 4 Gao . 9 e Na;«9?5:§ll 

^bTMg<&2X 1 0^ ' /cm' H-ybfcA lo . 0 1 Gao. 9 9 NckD?^§^2 
20 (DdM::i>^^ hM^O. 0 2 iim<DBM^'V^^^'^fco 

fi^fil^m ^^^ffl^-. ^:n/\^m^m^^Z^^^X. 7 0 0'CT7::i-U 
lli*mj»2 0 0 0AT?^fifebTpmi^ibfco :t-^^;/^^7zi-;i/^6 

25 0 ot^Tffom pm«8£ji^i^c!)®ffi®ici^«<^^^i^s i oz ^mmo. 3 M 
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:k\Z. i>nm<D±\Z. N i -P t -Au-Sn-Au0#m®5<&, ]^l?2 0 
00 A- 3000 A- 3000 A- 30000 A- 100 0 AX-m^l^fco del 

10 OA- 3000 A- 12000 AXJ^^Ltco 

fc-^M^$2 5 0'CT:/l-XiJPJEEUTin^JE^Ufc<, cn^CckD, 

15 i^m:gi^w0bT, •^^\ziim^yy}^m(DAiGsiNm^mmir^^xm 

'A\Z. nm:2>^!7hm±\Z. T i -A 1 -T i -P t -Au;{|ie>^K§#^m 
m (nnm) ^> EJ¥100A-2500A-1000A-2000A-600 

0 Axm^hxnmmtvrc, ^(d%.. ^mg^s^i 0 o/xmSTWiibfc 
20 ^%'^mi(mM\z^nmi(j>nv Y%%h\^x. t i -p t -hw-ti^h^ 

^^mm^ 1000A-2000A-3000 AxmmvTco :k\z. ^-i z/y^ 

\z^Kim^^^m\^tzo 

\Z^\,^X. 3 7 3nm0^^^^^^b> ^tiU^. 2mW, Yi\tZ. 47V 
25 Xdb-otco 

mmm 3 0 ] 
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mmM 3 1] 

Tzo :i<om^(Dmim^mi^m'^-mzm\i^m^mnx. ;vy^->^>^L 
10 fco ■^ib\zmmm\zik^mntLxYAG^^^Lrcs i ^n-T-^ycfrnt 

ytT^mm^mi^mytmmfi^x^rco cnu. mmm(Dytmtiyxmm'^mx 
15 mmms2} 

TK^^ffl^'f. 1 0 5 p'CT^M©^U-r:>^Srfforco 
l^l^^T. TK^^ffl^'f^ 5 1 0'CTT>^:::i7<J:TMG ( h U ^ U 

20 -IffCo nyyrmj^^^. TMG(D?^^±^X. I^m^l 0 5 0'C^T±#$ 

■fr, 1 0 5 0'Cfc;5:-3fce., lI)|Sf5!fX(3TMG. T>^:n7^ffiVi, 7>F'-y 
G a N J: D ;5:SiSiM^:^a)^fl:tl¥S#:S 5 j[im0l^i?T^:S$ii-fco 

1 0 5 0'CTTMG. TMA, r>^:-7. S/^^SrffiVi, Si^lX 
25 10*' /cm^ H-T'bfcnMAlo. . Gao. t NctD^^^SnM^^^y HP5$ 
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TMG, TMA^fflV^. Si^lXlO'^/cm^ H-^'UfcA 1 o . os Ga 
5 0.9 1 N^y)fSi^m^m. ^0±\z7>\^-':f<Dl no. I Gao. s Nj:OJ^^#F 

tco ^mm\t. mmmmi 7 0 0 Ao^mm^f-^pmrn (mqw) <tj^So 
10 2 mnmco^im^mwm) 

'A\Z. a^mnm^^^ IOSCCTTMG. TMA, 7>^n7, Cp^Mg 
yUfcAlo. t Gao. . NcfcOJ^^pM^^^^;/ Hji7&3 7 OAoEiPT^S^-^ 

15 ^ViT, pM^7^;/ TMG, TMA, T>^::i7, CpaMg^fflVi 
T, Mg<&lX10''/cm' ]i-^{ytcA\o . ot Gao. oj NJ;D;^ •5112 0 

TMg$2X 1 0' ' /cm' H-yUfdA lo. ot Gao. os NJ;0J^^II2(Dp 
M3>^^hM^0. 0 2Mm(DMI?TfiKS$ii:fc. 

>:Jf*ffV^^ pM®S:$e»JcH£}gtn:{l::bfco 

7--U>^^, »:7xA$Sli5^^*^e)®mb, pm::i>:$^^hm(0±,\ZRh 
I^^mm2 0 0 0 A-V^^bXpnUthtco :t-5^y^7-~;WS:6 

25 mTj^^L;tc v>nm<D±\z. mmm^Rh-i r-p tj&^^^^^^m 
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000A-3000A-12000 ATJ^^Ufc, 

m5i>^, ?^:S2 4 8nin©KrFX^->*7^— tf^fflViT, ttj;^ 6 0 0 J /c m 
2 l^—if^^ ImmX 5 0mm(7)||t^lCbT±fB(D>K^ffi^®S:7.^^ >bT 

'i^mWL^W^\^tco •^^\Z. ymmt.-^M.J^^mt. $^t::«nS!Alo. ^ Ga 

^^tC, nM^^:^'^ hl±(C. T i -A 1 -N i -Au5&^&^K^#®mii^f^ 

SIScoSMf-p^^^fflOA^y HM^tbT, T i -P t -Au-Sii-Au/«i^C> 
^-S^MM^B 0 OOA-SOOOA-SOOOA-SOOOOA-IOOOA 

T^Murc, :k\z. ^-(iyy^\z^y)m=f'^^mhtco n%mtv%mtts -^n 
^n<D^mi^m^m<o±m^zM.'DXii^^mzm^\^rc. com. ^=fm(omn^ 

#e.nfcLED^^f*v +}--rX75UmmX ImmTJ&D, |lM;^lB]mdit2 0mA 
lc:feViT, 3 6 SnmO^^^^^^U, m;'3«2. 4mW. Vf«3. 6Vr 

(IIJS0iJ3 3) 
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3) W;.mmthX^^mW%l. Oixm. M«70ml/100gT 

10 ^^^mm^mtDV-y^yj^ (JS^^l. 6 2) S:3wt%^W$i4-. g^^ife^^ 

D—\zx5^fmw^n^o :k\zmwmm\zx^^crcm^i^^-trzisb. so^ 

15 ox:x imm^^BiM^mto cn\z^y). mBmn^(Dn^'^±mi)^^^'^^^z 
i!}^-fxmt-&^M^(Dm^nmzB^^^'^^^^Mf)^n'^n^o mib^ 

(Da^(?5 2Pi:::$>!iibT:feo, mu^mi^^^mm(Dmm\mBm-(om\zxw. 

u^mKim-rctni^x^^tmz^m^^oi^-mm^n^c mm^-(om 
\t. mmmnm(Dmmf}^^mm^miif^n%mm(Dmm\zf}^ixm^vxm^'^n 

ai^$ijsc:t)&tif#, 'ijt^titi^Lxnmith'D^mytmoyytAMm^zMvx 
jKmm\z^^KM^^^^ti)^^t^o 
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mmm3 4) 

Wii^mzm^^ ^^^14 0 Qx:<Dumxznf^^f^'r^z.t\z^y)m)^ffo-^m 
en^o m^^^7i(^^xt^-)v^}vvx. mw. ^m. n^. mmzm^mvx 

f^>L^^%i)^S fimX$)^ (Yo . 9 9 6 Gdo . o o » ) « . n o A 1 5 Oi j : C eo . » 

^Z.tif}^X^^o 

immms 5) 

15 mmm 1 9 t# ^ntcmm^mmmmmmm sst mmornxmyty" 

ytAHm\zMvxji:m\z^^xu-^'&^z.ti)^x^^o 

sK±\z^-r^ V \z. ■:^mx\mB^±\i^ z.tfs.<mLVB b^m^i^m^z 
20 ±i-f^z.ti!)^xt^o M\Pinmmmx$>Ki. ^mmu<Dmmz^y)nmm'i{^± 
'r^z.tx^^m^%\^±r^o ^mmm\zmm^mm^m^^^^txiu-(-^ 

^-z^\zmm^Mmx^-(t^>7'^ >^t^ctxmm'fy^'^mtfs:^rcib^i(D 
nm\z/'^y \^mmif)^^mtfsir)m^'mmf)^±^<-^^o ±m\z^'^^^\z. 7x 



wo 03/065464 PCT/JP03/00757 

69 

i^mu. LED, LDmo^ytmi'. ±mmm. ^^tyi^-mo^^m^. 
15 \zwm.\znmx'^^o 
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